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Introduction: The purpose of this study was to examine and compare the conjunctival irritation 

(congestion, swelling, and discharge) of topical bimatoprost ophthalmic solution 0.01% and 

bimatoprost ophthalmic solution 0.03% in rabbits.

Methods: Six healthy New Zealand White rabbits were treated with either bimatoprost 0.01% 

or bimatoprost 0.03% (3 animals/group). One dose (2 drops/dose) of study medication was 

administered to the right eye of each animal every 30 minutes for 4.5 hours. Approximately 

1 hour after the last dose, conjunctival irritation was assessed using a slit-lamp biomicroscope 

to individually evaluate conjunctival congestion, swelling, and discharge.

Results: The mean conjunctival congestion, swelling and discharge scores for bimatoprost 

0.03% were 1.67, 0.33 and 0.33, respectively, and for bimatoprost 0.01% were 2.00, 0.33 and 

1.33, respectively.

Conclusions: Despite the lower drug concentration of the 0.01% formulation, bimatoprost 

0.01% does not reduce conjunctival irritation, including conjunctival congestion, swelling, 

and discharge, in rabbits compared to bimatoprost 0.03%. Further studies would be needed to 

determine whether the increase in the mean conjunctival congestion and discharge scores may 

be attributed to the increased BAK concentration in the bimatoprost 0.01% formulation.

Keywords: bimatoprost, conjunctiva, ocular toxicity, preclinical, prostaglandin analog, 

rabbits

Introduction
Reduction of elevated intraocular pressure (IOP) is the only modifiable risk factor for 

glaucoma, the second leading cause of vision loss worldwide.1 Prostaglandin analogs 

are one class of drugs commonly used to reduce IOP. Bimatoprost 0.03% (Lumigan®; 

Allergan, Inc., Irvine, CA, USA), one such prostaglandin analog,2,3 reduces IOP by 

6.5 to 8.9 mmHg in patients with open-angle glaucoma or ocular hypertension.4–6 

However, this agent is not without side effects; conjunctival congestion is the most 

frequent adverse event of bimatoprost, affecting 45% of patients and accounting for 

discontinuation of therapy in 3% of patients.7

A new formulation of bimatoprost has been developed that has a lower concen-

tration of drug (0.01%; Lumigan; Allergan, Inc.) in an attempt to improve the safety 

profile of this agent. The new formulation also has a 4-fold increase in the amount 

of benzalkonium chloride (BAK) (0.02%) compared to the original formulation 

(0.005%). BAK is a preservative commonly used in topical ophthalmic agents, but 

evidence suggests that it may also facilitate drug delivery. Specifically, it has been 

shown to increase transcorneal drug penetration in rabbits.8 This characteristic can 
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potentially be explained by a loss of tight junctions in the 

corneal epithelium, which could improve corneal penetra-

tion. In fact, McCarey and Edelhauser demonstrated that 

eyes treated with topical drugs containing BAK display a 

preferential loss of epithelial tight junctions.9 However, the 

presence of BAK in ophthalmic preparations may also cause 

ocular toxicity, as demonstrated by numerous in vitro and in 

vivo studies.10–15 Thus, the increase in BAK concentration 

of the new bimatoprost formulation may have implications 

not only for drug penetration but also for drug safety. The 

goal of the current study was to examine and compare con-

junctival irritation (congestion, swelling, and discharge) of 

topical ocular bimatoprost 0.01% and bimatoprost 0.03% 

in rabbits.

Methods
Six healthy New Zealand White rabbits were divided into 

2 treatment groups (3 animals per group): commercially 

available bimatoprost ophthalmic solution 0.01% (Lumigan 

0.01%, Allergan Inc., Ontario, Canada) and bimatoprost 

ophthalmic solution 0.03% (Lumigan 0.03%, Allergan Inc., 

Irvine, CA). One dose of the bimatoprost ophthalmic solu-

tions (2 drops/dose) was administered to the right eye of 

each animal every 30 minutes for 4.5 hours, for a total of 10 

doses (20 drops). Approximately 1 hour after the last dose, 

conjunctival irritation of the study eye was assessed using a 

slit-lamp biomicroscope to individually evaluate conjunctival 

congestion, swelling, and discharge, according to the Hackett 

and McDonald Scoring System (Table 1).16

Results
The mean conjunctival irritation scores are shown in Table 2. 

Approximately one hour after the last dose of bimatoprost 

ophthalmic solutions, mean conjunctival swelling was simi-

lar in both groups (0.33 ± 0.6), but both mean conjunctival 

congestion and discharge scores were higher for bimatoprost 

0.01% (2.00 ± 0.0 and 1.33 ± 0.6, respectively) than for bima-

toprost 0.03% (1.67 ± 0.6 and 0.33 ± 0.6, respectively).

Discussion
In this study, both formulations of bimatoprost caused mild 

to moderate conjunctival irritation in rabbits. After an exag-

gerated dosing of 20 drops over 4.5 hours, it was noted that 

congestion was the primary conjunctival toxicity caused by 

bimatoprost in this study, which is consistent with the safety 

profile of this agent in clinical studies.7,17–19

The conjunctival congestion and discharge scores 

observed after the last dose were higher for bimatoprost 

0.01% than for bimatoprost 0.03% (congestion: 2.00 vs 

1.67; and discharge: 1.33 vs 0.33). Thus, despite the reduced 

concentration of bimatoprost in the 0.01% formulation, no 

improvement in ocular toxicity scores was observed. While 

the number of animals per group was small, the individual 

animal responses within each group were similar, supporting 

this conclusion.

A potential explanation for these results may be related 

to the BAK concentrations present in the two bimatoprost 

formulations. Bimatoprost 0.03% contains one of the lowest 

levels of BAK typically used in ophthalmic preparations, 

0.005%, whereas bimatoprost 0.01% contains one of the 

highest levels, 0.02%. It is well established that BAK alone 

causes both corneal and conjunctival toxicity in preclinical 

testing;10–12,15,20,21 this same association between BAK and 

ocular toxicity is also observed when comparing BAK-

preserved to BAK-free topical ocular medications, either 

under in vitro conditions22–24 or using a rabbit model similar 

to the current study.25–31 Not surprisingly, clinical studies of 

patients with glaucoma have reported increased ocular toxic-

ity with medications containing BAK.14,32–34 Moreover, ocular 

surface effects caused by BAK are dose-dependent,11,12,21 

Table 1 Conjunctival irritation scales

Conjunctival  
assessment

Scale

0 1 2 3 4

Congestion none Flushed reddish;  
slight perilimbal  
injection

Bright red; 75%  
perilimbal injection

Dark, beefy red; bulbar,  
palpebral, perilimbal  
injection; presence  
of petechia

n/Aa

swelling none swelling above  
normal with no  
lid eversion

swelling with  
misalignment of lids;  
upper  lower

swelling with  
partial eversion;  
upper = lower

Marked eversion;  
upper  lower

Discharge none Present on inner  
portion of eye

Abundant on lids  
and hair

Marked discharge  
on periocular skin

n/Aa

anA, not applicable.
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which suggests that the higher concentration of BAK in bima-

toprost 0.01% may increase any BAK-associated toxicity. The 

European Medicines Agency (EMEA) has recognized the 

ocular surface effects of ophthalmic preservatives and rec-

ommends using preservative-free formulations or the lowest 

concentration of preservative with satisfactory antimicrobial 

effectiveness. Therefore, increasing the concentration of BAK 

by 4-fold in the bimatoprost 0.01% formulation, relative to 

the bimatoprost 0.03% formulation, is not in accordance 

with the EMEA’s position and has a negative impact on the 

benefit-to-risk ratio for the product.35

Due to the potential differences between rabbits and 

humans in response to BAK-induced ocular toxicity, the 

differences in the dosing methodology of this animal study 

as compared to dosing in a clinical setting, and the vary-

ing concentrations of bimatoprost, the two bimatoprost 

formulations investigated in this study should be evalu-

ated for both safety and efficacy in a randomized clinical 

trial. Nonetheless, the current study suggests that, despite 

its lower drug concentration, bimatoprost 0.01% does 

not reduce conjunctival irritation in rabbits compared to 

bimatoprost 0.03%.

Acknowledgment
The authors thank Jennifer Klem, PhD, for writing assistance 

and Levi Martin and Gabriel Lomonaco for their techni-

cal assistance. Writing assistance was supported by Alcon 

Research, Ltd.

Disclosures
The authors are employees of Alcon Research, Ltd.

References
 1. Resnikoff S, Pascolini D, Etya’ale D, et al. Global data on visual 

impairment in the year 2002. Bull World Health Organ. 2004;82(11): 
844–851.

 2. Sharif NA, Williams GW, Kelly CR. Bimatoprost and its free 
acid are prostaglandin FP receptor agonists. Eur J Pharmacol. 
2001;432(2–3):211–213.

 3. Sharif NA, Klimko P. Update and commentary on the pro-drug bima-
toprost and a putative ‘prostamide receptor’. Expert Rev Ophthalmol. 
2009;4(5):477–489.

 4. How AC, Kumar RS, Chen YM, et al. A randomised crossover study 
comparing bimatoprost and latanoprost in subjects with primary angle 
closure glaucoma. Br J Ophthalmol. 2009;93(6):782–786.

 5. Williams RD, Cohen JS, Gross RL, Liu CC, Safyan E, Batoosingh 
AL; for Bimatoprost Study Group. Long-term efficacy and safety of 
bimatoprost for intraocular pressure lowering in glaucoma and ocular 
hypertension: year 4. Br J Ophthalmol. 2008;92(10):1387–1392.

 6. Cantor LB, Hoop J, Morgan L, Wudunn D, Catoira Y; for Bimatoprost-
Travoprost Study Group. Intraocular pressure-lowering efficacy of 
bimatoprost 0.03% and travoprost 0.004% in patients with glaucoma 
or ocular hypertension. Br J Ophthalmol. 2006;90(11):1370–1373.

 7. Lumigan [package insert]. Irvine, CA: Allergan, Inc. 2006.
 8. Majumdar S, Hippalgaonkar K, Repka MA. Effect of chitosan, 

benzalkonium chloride and ethylenediaminetetraacetic acid on 
permeation of acyclovir across isolated rabbit cornea. Int J Pharm. 
2008;348(1–2):175–178.

 9. McCarey B, Edelhauser H. In vivo corneal epithelial permeability fol-
lowing treatment with prostaglandin analogs [correction of analoges] 
with or without benzalkonium chloride. J Ocul Pharmacol Ther. 
2007;23(5):445–451.

 10. Epstein SP, Ahdoot M, Marcus E, Asbell PA. Comparative toxicity of 
preservatives on immortalized corneal and conjunctival epithelial cells. 
J Ocul Pharmacol Ther. 2009;25(2):113–119.

 11. Epstein SP, Chen D, Asbell PA. Evaluation of biomarkers of inflamma-
tion in response to benzalkonium chloride on corneal and conjunctival 
epithelial cells. J Ocul Pharmacol Ther. 2009;25(5):415–424.

 12. De Saint JM, Brignole F, Bringuier AF, Bauchet A, Feldmann G, Baudouin C. 
Effects of benzalkonium chloride on growth and survival of Chang con-
junctival cells. Invest Ophthalmol Vis Sci. 1999;40(3):619–630.

 13. Debbasch C, Pisella PJ, De Saint JM, Rat P, Warnet JM, Baudouin C. 
Mitochondrial activity and glutathione injury in apoptosis induced by 
unpreserved and preserved beta-blockers on Chang conjunctival cells. 
Invest Ophthalmol Vis Sci. 2001;42(11):2525–2533.

 14. Ciancaglini M, Carpineto P, Agnifili L, et al. An in vivo confocal 
microscopy and impression cytology analysis of preserved and unpre-
served levobunolol-induced conjunctival changes. Eur J Ophthalmol. 
2008;18(3):400–407.

 15. Ichijima H, Petroll WM, Jester JV, Cavanagh HD. Confocal micro-
scopic studies of living rabbit cornea treated with benzalkonium 
chloride. Cornea. 1992;11(3):221–225. Erratum in: Cornea. 1992; 
11(4):368.

 16. Hackett RB, McDonald TO. Eye irritation. In: Marzulli FN, Maibach HI, 
editors. Dermatotoxicology. Washington, DC: Hemisphere Publishing 
Corp; 1991:299–306.

 17. Wanichwecha-Rungruang B, Iemsomboon W. Efficacy and safety 
of bimatoprost for the treatment of open-angle glaucoma and ocular 
hypertension: a three-month, open-label study in community-based 
practices in Thailand. J Med Assoc Thai. 2005;88(9):1228–1235.

 18. Vetrugno M, Sborgia C, Balestrazzi E, et al. Efficacy and safety of 
bimatoprost in patients with uncontrolled glaucoma as alternative to 
filtration surgery. Eur J Ophthalmol. 2005;15(4):477–481.

 19. Day DG, Sharpe ED, Beischel CJ, Jenkins JN, Stewart JA, Stewart WC. 
Safety and efficacy of bimatoprost 0.03% versus timolol maleate 0.5%/
dorzolamide 2% fixed combination. Eur J Ophthalmol. 2005;15(3): 
336–342.

 20. Lazarus HM, Imperia PS, Botti RE, Mack RJ, Lass JH. An in vitro 
method which assesses corneal epithelial toxicity due to antineoplas-
tic, preservative and antimicrobial agents. Lens Eye Toxic Res. 1989; 
6(1–2):59–85.

 21. Pauly A, Meloni M, Brignole-Baudouin F, Warnet JM, Baudouin C. 
Multiple endpoint analysis of the 3D-reconstituted corneal epithelium 
after treatment with benzalkonium chloride: early detection of toxic 
damage. Invest Ophthalmol Vis Sci. 2009;50(4):1644–1652.

22. Yee RW, Norcom EG, Zhao XC. Comparison of the relative toxicity 
of travoprost 0.004% without benzalkonium chloride and latanoprost 
0.005% in an immortalized human cornea epithelial cell culture system. 
Adv Ther. 2006;23(4):511–519.

Table 2 Mean conjunctival irritation scores (n = 3)a

Conjunctival  
assessment

Bimatoprost  
0.03%

Bimatoprost  
0.01%

Congestion 1.67 ± 0.6 2.00 ± 0.0

swelling 0.33 ± 0.6 0.33 ± 0.6

Discharge 0.33 ± 0.6 1.33 ± 0.6

aData presented as mean ± sD.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology 2010:4

Clinical Ophthalmology

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-ophthalmology-journal

Clinical Ophthalmology is an international, peer-reviewed journal 
covering all subspecialties within ophthalmology. Key topics include: 
Optometry; Visual science; Pharmacology and drug therapy in eye 
diseases; Basic Sciences; Primary and Secondary eye care; Patient 
Safety and Quality of Care Improvements. This journal is indexed on 

PubMed Central and CAS, and is the official journal of The Society of 
Clinical Ophthalmology (SCO). The manuscript management system 
is completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.

80

Ogundele et al Dovepress

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

23. Brasnu E, Brignole-Baudouin F, Riancho L, Guenoun JM, Warnet JM, 
Baudouin C. In vitro effects of preservative-free tafluprost and preserved 
latanoprost, travoprost, and bimatoprost in a conjunctival epithelial cell 
line. Curr Eye Res. 2008;33(4):303–312.

 24. Baudouin C, Riancho L, Warnet JM, Brignole F. In vitro studies of 
antiglaucomatous prostaglandin analogues: travoprost with and without 
benzalkonium chloride and preserved latanoprost. Invest Ophthalmol 
Vis Sci. 2007;48(9):4123–4128.

 25. Liang H, Baudouin C, Pauly A, Brignole-Baudouin F. Conjuncti-
val and corneal reactions in rabbits following short- and repeated 
exposure to preservative-free tafluprost, commercially available 
latanoprost and 0.02% benzalkonium chloride. Br J Ophthalmol. 
2008;92(9):1275–1282.

 26. Whitson JT, Cavanagh HD, Lakshman N, Petroll WM. Assessment of 
corneal epithelial integrity after acute exposure to ocular hypotensive 
agents preserved with and without benzalkonium chloride. Adv Ther. 
2006;23(5):663–671.

 27. Noecker RJ, Herrygers LA, Anwaruddin R. Corneal and conjunctival 
changes caused by commonly used glaucoma medications. Cornea. 
2004;23(5):490–496.

 28. Kahook MY, Noecker R. Quantitative analysis of conjunctival 
goblet cells after chronic application of topical drops. Adv Ther. 
2008;25(8):743–751.

 29. Kahook MY, Noecker RJ. Comparison of corneal and conjunctival 
changes after dosing of travoprost preserved with sofZia, latanoprost 
with 0.02% benzalkonium chloride, and preservative-free artificial tears. 
Cornea. 2008;27(3):339–343.

 30. Pisella PJ, Fillacier K, Elena PP, Debbasch C, Baudouin C. Comparison 
of the effects of preserved and unpreserved formulations of timolol on 
the ocular surface of albino rabbits. Ophthalmic Res. 2000;32(1):3–8.

 31. Furrer P, Berger J, Mayer JM, Gurny R. A comparative study of the 
ocular tolerance of 3 timolol-based preparations: the influence of pre-
servatives on ocular tolerance. J Fr Ophtalmol. 2001;24(1):13–19.

 32. Jaenen N, Baudouin C, Pouliquen P, Manni G, Figueiredo A, 
Zeyen T. Ocular symptoms and signs with preserved and preservative-
free glaucoma medications. Eur J Ophthalmol. 2007;17(3):341–349.

 33. Horsley MB, Kahook MY. Effects of prostaglandin analog therapy 
on the ocular surface of glaucoma patients. Clin Ophthalmol. 
2009;3:291–295.

 34. Leung EW, Medeiros FA, Weinreb RN. Prevalence of ocular surface 
disease in glaucoma patients. J Glaucoma. 2008;17(5):350–355.

 35. EMEA public statement on antimicrobial preservatives in oph-
thalmic preparations for human use. EMEA/622721/2009.  
http://www.ema.europa.eu/pdfs/human/press/pus/62272109en.pdf. 
Accessed January 6, 2010.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/clinical-ophthalmology-journal
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Pub Info 18: 
	Nimber of times reviewed: 


